Detailed in vitro pharmacological analysis of FK506-induced neuroprotection.
FK506, a calcineurin inhibitor, shows potent neuroprotective effects in animal models such as those of stroke and neurodegenerative diseases. However, the mechanism underlying these neuroprotective effects is unclear. In this study, an in vitro model, in which FK506 protected the cells against cell death, was established and analyzed in detail by pharmacological experiments. Thapsigargin (TG), an inhibitor of endoplasmic reticulum calcium-ATPase, induced SH-SY5Y cell death. FK506 concentration-dependently protected the cells from this type of death. In contrast, FK506 did not suppress SH-SY5Y cell death caused by the following molecules: tunicamycin (TM), an inhibitor of N-linked glycosylation; etoposide (Eto), a topoisomerase II inhibitor; and staurosporine (STS), a phospholipid/calcium-dependent protein kinase inhibitor. Additionally, FK506 did not inhibit TG-induced cell death in either SK-N-MC or HeLa cell lines. FK506 completely inhibited caspase-3 activation and apoptosis caused by TG in a concentration-dependent manner, but not that caused by TM, Eto, and STS. TG did not activate caspase-3 in SK-N-MC cells, although it slightly activated caspase-3 in HeLa cells. FK506 did not change caspase-3 activity in either SK-N-MC or HeLa cell lines. Cyclosporin A, another calcineurin inhibitor, showed the same results as FK506 in this study, whereas rapamycin, an immunosuppressant not associated with calcineurin activity, did not have any effect in this context. Thus, the suppressive effects of FK506 on cell death are specific to SH-SY5Y cells treated with TG and are caused by the inhibition of calcineurin and subsequent suppression of caspase-3 activation. Therefore, an in vitro system using SH-SY5Y cells treated with TG could provide a model reflective of certain aspects of the neuroprotective activity of FK506.